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AN ANALYSIS OF STRONG-MOTION ACCELEROMETER 
DATA FROM THE SAN FRANCISCO EARTHQUAKE 
OF MARCH 22, 1957 
By D. E. HUDSON and G. W. HOUSNER 
ABSTRACT 
The San Francisco earthquake ofMarch 22, 1957, was recorded simultaneously by accelerometers 
at five United States Coast and Geodetic Survey stations in the San Francisco area. Response 
spectrum curves were computed from the acceleration-time r cords, and from these response 
spectrum curves the spectrum intensities have been determined. From these spectrum intensities 
certain conclusions are drawn as to: (1) the effects of local geology on the recorded ground motions; 
(2) the calculation of total energy released by the earthquake from strong-motion accelerometer 
records; (3) possible influence of structural dynamic behavior on the accelerations recorded in 
building basements, and the relationship between basement accelerations and ground accelera- 
tions; and (4) the applicability of a simplified type of strong-motion earthquake instrument for 
investigations of local distribution effects. A general comparison is made between the present 
earthquake and typical Pacific Coast earthquakes. 
FOR THE San Francisco earthquake of March 22, 1957, complete ground accelera- 
tion records were obtained from five strong-motion accelerometer stations within 
20 miles of the epicenter. For the first time strong ground accelerations were simul- 
taneously recorded at a sufficiently large number of stations to permit an investiga- 
tion of the effects of local geology on the ground motions caused by a near-by 
strong shock to be made. In addition to these ground acceleration records, a number 
of records were obtained at upper floor locations in relatively tall buildings; hence, 
structural response calculations can be checked. The earthquake itself, although 
only assessed at a Gutenberg-Richter magnitude of 5.3, was so close to downtown 
San Francisco that structural vibrations of a considerable magnitude were set up 
and some structural damage occurred. Because of the special interest of this earth- 
quake to the engineering seismologist a complete spectrum analysis of the accelero- 
grams has been made. The relative velocity response spectrum curves and the abso- 
lute acceleration response spectrum curves of the two components of each of the 
five stations are given in reference 1. The purpose of the present paper is to present 
the results of calculations based on the response spectrum curves. 
Strong-Motion accelerometer data.--In figure 1 the locations of the strong-motion 
accelerometer stations of the United States Coast and Geodetic Survey which re- 
corded strong motions during the earthquake are shown. Also shown is the instru- 
mental epicenter of the earthquake as reported by Professors Byerly and Tocher of 
the Seismographic Station of the University of California, Berkeley. Additional 
information from foreshocks and af~ershocks has indicated the approximate dis- 
tance along the fault zone involved in the major tearing action. With the help of 
this information from the Seismographic Station, an estimated center of the torn 
zone has been indicated on figure 1 as the approximate origin of the maj or disturb- 
ance. From the same data the average depth of the torn area was estimated as 5 
miles. The distances shown on figure 1 are the straight-line distances from the 
estimated center of disturbance to the individual stations. 
Manuscript received for publication January 6, 1958. 
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Fig. 1. Locations of epicenter and strong-motion accelerometers. 
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Fig. 2. Typical accelerograms at the five recording stations. Note that  accelera- 
tion scales are the same, but that  the time scales vary. 
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In figure 2 are shown typical accelerograms from the five stations as recorded by 
the strong-motion accelerometers of the United States Coast and Geodetic Survey. 
In figures 3 to 8 some typical relative velocity response spectrum curves are shown, 
to indicate the nature of the basic data (references 2, 3). All the other curves from 
which the measurements reported below were made may be found in reference 1.
Response spectrum intensities.--As a means of making a more detailed quantita- 
tive study of the relationships between the responses at the various stations, the 
spectrum intensities were calculated for all the velocity response curves. The spec- 
trum intensity S~ is defined as the area under the relative velocity response curve 
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Fig. 9. Damped spectrum intensity data. 
between periods of 0.1 sec. and 2.5 see. $1 thus measures an average spectrum value 
over the range of periods of structural interest. Values of $1 for a number of typical 
Pacific Coast earthquakes have been computed and are given in reference 4, along 
with a detailed study of the correlation between $1 and such other factors as the 
maximum acceleration, Modified Mercalli ntensities, and Gutenberg-Richter mag- 
nitudes. One of the objects of the present study is to compare the general results 
from the San Francisco earthquake with the patterns established by this previous 
work. 
In table 1 the measured values of the response spectrum intensities are summa- 
rized. The values given were determined directly from the relative velocity spectrum 
curves by measuring the areas under the curves between the 0.1 sec. and the 2.5 sec. 
ordinates. The data of table 1 are plotted in figure 9 to show the regularity of the 
results. There does not appear to be any simple law relating the spectrum intensity 
and the damping. If the exciting force were sinusoidal the spectrum intensity would 
be inversely proportional to the damping, whereas if the exciting force were com- 
pletely random the spectrum intensity should be inversely proportional to the 
square root of the damping. It will be noted that the behavior of the earthquake 
response at small dumping values is quite different from either of these limiting 
cases .  
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It should not be supposed that the behavior of figure 9 is necessarily t pical of 
earthquake r sponse. The time duration of the strong ground motion of this par- 
ticular earthquake was approximately 3 to 4 seconds, whereas a general average for 
the time duration of strong-motion Pacific Coast earthquakes would be nearer 15 
to 20 seconds. Since the San Francisco earthquake had a distinctly shorter time 
duration than most strong earthquakes, damping forces could not operate for as 
long a time as usual to dissipate nergy from the system. As a consequence damping 
has a relatively smaller effect for this earthquake in reducing the response spectrum 
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Fig. 10. Relationship between damped and undamped spectrum intensities. 
1.4 
curves. This may be seen from figure 10, in which the 20 per cent critical damped 
spectrum intensity has been plotted versus the undamped spectrum intensities, 
taking in each case the average of the two components for each point. Except for the 
last point, which should not be considered because of a special condition at that 
station to be discussed in a later section, the damping effects how a considerable 
regularity. On this same figure is shown a line representing average conditions for 
the group of eleven Pacific Coast earthquakes studied in reference 4. A comparison 
with the present earthquake shows that because of the shorter time duration the 
20 per cent damped intensities are somewhat larger than they would be expected 
to be for a more typical earthquake. 
Mean epicentral spectrum intensities.--In table 2 is a summary of the calculations 
based on the spectrum intensity values. In column 4 the mean spectrum intensities 
for the two components at each station are given, and in column 5 the epicentral 
spectrum intensities have been calculated, assuming an inverse-square distance 
relationship. It has been shown by Professors Gutenberg and Richter in reference 5 
that at short distances the ground motions are approximately inversely propor- 
tional to the square of the distance from the epicenter. These experimental data 
indicate that the period of the waves is also involved in such a relationship, but 
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since the distribution of periods for the present earthquake is very nearly the same 
for all the stations , the inverse-square lgtion should be adequate. The epicentral 
spectrum intensity $10 is thus calculated as: 
where D is the epicentral distance and h is the depth. It  is known that an expression 
of this type would not be expected to be accurate very close to the epicenter. $10 as 
TABLE 1 
FT. 
SPECTRUM INTENSITIES (0,1-2.5 see.) (SECT.) (sEe.) 
Station 
Golden Gate Park. 
s tate  Building . . . .  
Alexander Building. 
Southern Pacific 
Building . . . . . . . . . . .  
Oakland City Ha l l . . .  
Spectrum intensities ($1) 
Per cent critical damping 
0 20 
S 80°E 1.038 
N10 ° E 0.643 
S 9 ° E 1.287 
S 81°W 0.954 
N81 ° E 0.501 
N9°W 0.449 
N45°E  1.318 
N45°W 1.119 
N26 ° E 0:457 
S 64 ° E 0.290 
2.5 
0.865 
0.553 
i. 060 
0. 765 
0.423 
0.425 
0.951 
0.915 
0. 352 
0.235 
5 
0.795 
0.503 
0.923 
0.695 
0.374 
0.396 
0.783 
0.800 
0.310 
0.213 
10 
0.711 
0.456 
0. 776 
0.606 
0.320 
0.351 
0. 605 
0. 661 
0. 260 
0.190 
15 
0.648 
0.410 
0.680 
0.558 
0.289 
0.324 
0.500 
0.578 
0.238 
0.178 
0.605 
0.378 
0.634 
0.525 
0.265 
0.300 
0.440 
0.518 
0. 223 
0.167 
determined in this way should rather be considered as an extrapolated value suit- 
able only for purposes of comparison. In the foregoing calculations the so-called 
"epicentral distances" are the distances to a point above the estimated center of the 
torn area. It  is perhaps questionable that the accuracy of the data justifies a distinc- 
tion between this point and the instrumental epicenter. The difference between these 
points is in this case not large enough to make any significant difference in the 
conclusions. 
It  will be noted in table 2 that the epicentral spectrum intensities as calculated 
from the various stations are by no means the same. It  thus appears that local geo- 
logical conditions influence the ground motions at the various stations in a signifi- 
cant way. An examination of the velocity response curves shows that there is a sire- 
ple explanation for the relatively large intensity measured at the Southern Pacific 
Building. In figures 5 and 6 it will be seen that there are peaks in the response curves 
at periods of 1.2 see. for the N 45 ° W component and at 1.3 see. for the N 45 ° E 
component. If now one refers to the determination of the natural periods of vibra- 
tion for this building, as reported in reference 6, it will be found that the fundamen- 
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tal periods of vibration are given as 1.13 sec. in the N 45 ° W direction and 1.2 sec. 
in the N 45 ° E direction. The agreement between these figures is remarkable, par- 
ticularly in view of the fact that the slightly longer periods might naturally be 
expected for the earthquake, which undoubtedly involved considerably larger mo- 
tions than the vibration tests. Reference 6 also indicates that for this building the 
soil conditions are "fill over mud and blue clay," and that the building stands on 
piles on "alluvium and made ground." It  is evident hat because of the special soil 
conditions at this station the basement of the building has a motion significantly 
different from the local ground motions themselves. The accelerometer thus meas- 
ures the response of the building-foundation-soil system rather than the ground 
motion itself. This is a point of considerable importance for the interpretation of
TABLE 2 
CALCULATED MAGNITUDES AND ACCELERATIONS 
Station 
Golden Gate Park. 
State Building ..... 
Alexander Building 
Southern Pacific 
Building . . . . . . . .  
Oakland City Hall. 
Epicentral 
distance 
mi. 
6.1 
8.4 
9.6 
10.1 
16.4 
mEStie~i / 
mi~-depth 
5 
5 
5 
5 
5 
Mean Epicentral spectrum 
intensity (S1), spectrum 
zero damping intensity 
ft. ft. 
0. 841 2.10 
1. 121 4.30 
0. 475 2.22 
1.218 6.19 
0. 373 4.39 
Magnitude 
5.1 
5.5 
5.15 
5.7 
5.5 
Maximum Epicentral 
acceleration acceleration 
g's g's 
0.125 0.31 
0.105 0.40 
0.050 0.23 
0.045 0.23 
0.045 0.53 
strong-motion accelerometer measurements, since many of the strong-motion i - 
struments are placed in the basements of large buildings. The only direct evidence 
hitherto available has been reported in reference 7, where by a comparison between 
accelerations-measured in the basement of the Hollywood Storage Building and 
those measured on the ground outside it was shown that the basement essentially 
followed the ground motion. The present results indicate that this may not always 
be the case, and that a careful study of the response spectrum curves should always 
be made with this possibility in mind. It  is interesting to note that this pronounced 
peak in the response spectra is not readily visible in the acceleration-time record 
itself (fig. 2), which is perhaps an additional reason for the calculation of the re- 
sponse spectrum curves. The response spectrum curves may often be expected to 
reveal certain features of the motion which may not otherwise be evident. 
The experimentally determined vibration periods of the Alexander Building, the 
State Building, and the Oakland City Hall are also available in reference 6, but an 
examination of the response spectra t these stations does not indicate a peaking as 
for the Southern Pacific Building. It  is thus likely that at these other stations the 
basement accelerometers gave a faithful picture of the ground acceleration. 
If we now examine mean spectrum intensity data for the four remaining stations, 
it is evident hat there is still a two-to-one difference in the epicentral spectrum in- 
tensities. As a possible xplanation for this difference the fact that the local geology 
at the various stations is quite different should be considered. It is known that the 
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Golden Gate Park station is on rock (reference 6) whereas the Alexander Building is 
on about 100 ft. of alluvium (reference 8). These two stations, however, indicated 
about the same epicentral spectrum intensity, whereas the State Building, at an 
intermediate position between Golden Gate Park and the Alexander Building, 
showed about twice the spectrum intensity. I t  thus seems that no simple explana- 
tion on the basis of the over-all alluvial distribution will be entirely satisfactory, 
and that more complex geological factors must be involved in the differences in the 
measured spectral intensities. 
TABLE 3 
PACIFIC COAST STRONG-MoTION EARTHQUAKES 
Gutenberg- Strong-motion M calculated Indicated 
Earthquake Richter accelerometer from spectrum station 
magnitude M station intensity correction 
Mar. 10, 1933 . . . . . . . . . . . .  6.25 
October 2, 1933 . . . . . . . . . .  
Dec. 30, 1934 . . . . . . . . . . . . .  
Oct. 31, 1935 . . . . . . . . . . . . .  
Sept. 11, 1938 . . . . . . . . . . . .  
May 18, 1940 . . . . . . . . . . . . .  
Feb. 9, 1941 . . . . . . . . . . . . . .  
June 30, 1941 . . . . . . . . . . . .  
Oct. 3, 1941 . . . . . . . . . . . . .  
Mar. 9, 1949 . . . . . . . . . . . .  
Apr. 13, 1949 . . . . . . . . . . . .  
Mar. 22, 1957 . . . . . . . . . . .  
5.3 
6.5 
6.0 
5.5 
6.7 
6.6 
5.9 
6.4 
5.3 
7.1 
5.3 
' Vernon 
Subway Terminal 
• Vernon 
Subway Terminal 
E1 Centro 
Helena 
Ferndale 
E1 Centro 
Ferndale 
Santa Barbara 
Ferndale 
Itollister 
Seattle 
Olympia 
f 
Golden Gate Park 
State Building 
Alexander Building 
Oakland City Hall 
6.13 
6.15 
5.3 
5.31 
6.54 
5.70 
5.80 
6.58 
6.54 
5.79 
6.5 
5.35 
6.75 
7.02 
5.1 
5.5 
5.15 
5.5 
+0.12 
+0.10 
0 
-0.01 
--0.04 
+0.30 
-0.30 
+0.12 
+0.06 
+0.11 
--0.10 
--0.05 
+0.35 
+O.O8 
+0.2 
--0.2 
+0.15 
--0.2 
The results given above are of particular interest in view of the recent investiga- 
tions of Professor Gutenberg on the local effects of earthquakes (reference 9). This 
work shows that for the relatively small shocks recorded simultaneously on a num- 
ber of instruments in the Los Angeles area there is a direct relationship between the 
amplitude of the ground motion and the thickness of the alluvium. The magnitudes 
of the amplitude ratios obtained varied somewhat with the period of the wavesi 
showing in the Pasadena region a maximum at periods of around 1 to 2 see., with a 
pronounced falling off at the lower and the higher periods. At the maximum point, 
amplitude ratios of 5 to 6 were not uncommon. 
It  is not certain to what extent the distribution of the strong motion accelera- 
tions or spectrum intensities in the San Francisco region should follow the patterns 
obtained by Professor Gutenberg in the Los Angeles region. The amount of data 
collected from the one earthquake of March 22, 1957, is of course far too limited to 
permit any definite conclusions in the matter. It  may well be that at the relatively 
low periods mainly involved in the recorded strong-motion accelerations, which 
may be expected to be typical of the motions close to the epicenter of larger earth- 
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quakes, the amplitude ratios may be considerably less than those obtained for 
smaller and more distant shocks. The present tests indicate, however, that ampli- 
tude factors of 2 may notbe unlikely in the San Francisco region even for fairly 
strong shocks. 
As an additional means of comparing the measurements made at the various 
stations the Gutenberg-Richter magnitudes ofthe earthquake were calculated from 
the spectrum intensity values. The method follows that developed in the previous 
study of strong-motion earthquakes (ref. 4). 
The relationship between the total energy released by an earthquake and the 
magnitude M is given by Professors Gutenberg and Richter in reference 10 as: 
logjoE = 9.4 + 2.14M - 0.054M 2
The total energy E can be expressed in terms of the epicentral spectrum intensity 
S10 as  
E = CSj -  
where C is a constant to be determined from experimental data. For the present 
purpose we shall determine the constant C so that the measured spectrum intensity 
of the earthquake of October 2, 1933, as recorded by the strong-motion acceler- 
ometer at Vernon, California, will lead to the Gutenberg-Richter magnitude as 
reported by the Seismological Laboratory of the California Institute of Technology 
for that earthquake. It has been shown in reference 4 that the constant fixed by 
this particular earthquake and station gives a good over-all fit for the series of 
eleven Pacific Coast earthquakes for which data were available at that time. For 
this October 2, 1933, earthquake the Gutenberg-Richter magnitude was 5.3, and 
the epicentral spectrum intensity S10, extrapolated by the inverse-squares di tance 
relationship, was 3.02 (ft/sec.)(sec.). Substituting these figures in the relationship, 
log10 CSIo 2 =- 9.4 + 2.14 - 0.054M z
we find that C = (10) 1~' 24/9.12, from which we obtain 
0.054M 2- 2.14M + (8.88 + 2 log10 $10) = 0 
Magnitudes calculated from this expression are tabulated in table 2. 
The average magnitude calculated from the stations named, excluding the data 
from the Southern Pacific Building for the reasons discussed above, is 5.3. It is of 
interest to compare this result with that calculated from more distant stations. Data 
supplied by Professor C. F. Richter of the Seismological Laboratory at the Cali- 
fornia Institute of Technology give, as an average value based on six measurements 
at stations everal hundred miles from the epicenter, the same figure of 5.3. Values 
of M for the six stations varied from 5.0 to 5.8, after the application of station cor- 
rections based on past recordings of numerous earthquakes. 
Comparison with previous Pacific Coast earthquakes.--As a means of comparing 
the present earthquake with the studies of Pacific Coast earthquakes reported in 
reference 4, several tables have been prepared. In table 3 the magnitude data for 
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twelve Pacific Coast earthquakes for which complete strong-motion accelerometer 
records are available are given. The Gutenberg-Richter magnitudes a  reported by 
the Seismological Laboratory of the California Institute of Technology are com- 
pared with those calculated from the spectrum intensities as determined from the 
strong-motion accelerometer recordings. As discussed above, the constant in the 
energy-magnitude relationship was calculated so that agreement is obtained for the 
October 2, 1933, earthquake as recorded at Vernon. In the last column is shown an 
indicated station correction which would have to be applied to the magnitude as 
computed from the strong-motion accelerometer records in order to get complete 
agreement. The values computed from the seismological records have been taken 
as the standard since they are based on calculations from several stations, for which 
TABLE 4 
STATIONS RECORDING MORE THAN ONE STRONG-~¥[OTION EARTHQUAKE 
Indicated 
Strong-motion aecelerometer station Earthquake station 
correction 
Vernon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Subway Terminal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E1 Centro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferndale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'Mar. 10, 1933 
Oct. 2, 1933 
'Mar. 10, 1933 
Oct. 2, 1933 
'Dec. 30, 1934 
May 18, 1940 
Sept. 11, 1938 
Feb. 9, 1941 
Oct. 3, 1941 
+0.12 
0 
+0.10 
-0.01 
--0.04 
+0.12 
--0.30 
+0.06 
--0.10 
correction factors have been developed from simultaneous recordings of large num- 
bers of earthquakes. As may be gathered from the data of the previous ection on the 
San Francisco earthquake, however, such station corrections should be considered 
as applying only to average conditions. For a particular single earthquake consider- 
able departures from average conditions might be encountered. 
A glance at table 3 will show the importance ofthe present earthquake. Hitherto, 
there have been only three earthquakes for which strong ground motions have been 
recorded simultaneously at two strong-motion stations, and no earthquakes which 
have given such information at more than two stations. 
In table 4 the data of table 3 are rearranged toshow the indicated station correc- 
tions for those stations at which more than one strong earthquake has been recorded. 
From the data of tables 3 and 4 the following conclusions can be reached: (1) any 
significant increase in accuracy and consistency of magnitude values as computed 
from the spectrum intensities will require some kind of station correction; and (2) 
no reasonable attempt at assigning such station corrections can be made on the 
basis of the very limited data now at hand. There does not appear to be much pos- 
sibility of determining such station corrections from natural earthquakes recorded 
by the existing strong-motion accelerometers. Suitable natural earthquakes will 
presumably be so infrequent that centuries might pass before sufficient data could 
be accumulated. One possibility of determining such station corrections would be 
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to record small natural earthquakes at the various United States Coast and Geo- 
detic Survey stations, using techniques imilar to those employed by Professor 
Gutenberg in the Los Angeles area. A comparison of such data with the results of 
simultaneously recorded strong motions, as obtained for the present earthquake, 
should then permit a correlation of the distribution of station responses to strong 
ground motions with the distributions for weaker and more distant shocks. On the 
basis of such a study, approximate station corrections could be established which 
would at least give improved information for average conditions. 
Peak acceleration-magnitude relationships.--Returning now to table 2, it will be 
noted that there is a very erratic relationship between the spectrum intensities and 
the maximum recorded accelerations. In general, the accelerations for this earth- 
quake are somewhat larger than would be expected for a shock of this magnitude. 
This is partly a consequence of the relatively short duration of the earthquake. 
Data given by Professors Gutenberg and Richter (refs. 9 and 10) show that the 
peak accelerations to be expected on rock for California shocks corresponding to 
the magnitude and distance at the Golden Gate Park record would be about 0.02 
g's, whereas the recorded peak is about 0.12 g. 
Approximate maximum epicentral accelerations were computed, using the in- 
verse-square distance extrapolation as explained above. The results, as shown in 
table 2, indicate that the variations between the epicentral accelerations calculated 
from the five stations are of the same order of magnitude as the variations in the 
epicentral spectrum intensities, with some notable exceptions. The acceleration 
measured at the Southern Pacific Building is lower than might be expected from the 
spectrum intensity, which is of course connected with the fact that building re- 
sponse rather than ground motion is being measured at that station. The peak 
acceleration differences how about the same two-to-one ratio, however, that is 
reflected in the epicentral spectrum intensities. 
In general, the acceleration data from this earthquake indicate that the maximum 
accelerations alone would be a poor indication of the effect of the earthquake on 
structures. 
A strong-motion earthquake r corder.--In view of the small amount of strong- 
motion data which can be expected to be obtained from natural earthquakes with 
the limited number of recording accelerometers available, it has often been sug- 
gested that a much simplified instrument of the non-time-recording type should be 
developed. Such an instrument could perhaps be produced at a cost low enough to 
permit large numbers of them to be distributed in important areas. One such 
instrument is at present being tested at the Earthquake Engineering Research 
Laboratory of the California Institute of Technology. This instrument consists of 
a free conical pendulum of 0.75 sec. period and 10 per cent of critical damping. ~
The response of this pendulum to horizontal ground motions is traced out by a 
scriber on a smoked glass. Since the pendulum is free to move in any horizontal 
direction, the course of the ground motion in the horizontal plane is marked out, 
and hence the sequence of events can be followed even though no time-recording 
system is employed. In this way considerably more information than peak values 
alone can be obtained by a very simple means. This instrument should not be con- 
1 An instrument having these properties was originally recommended by the Earthquake Engi- 
neering Research Institute, and a prototype has recently been developed by the United States 
Coast and Geodetic Survey. 
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sidered as either a displacement meter or an accelerometer, but rather as a means of 
directly measuring one point on the response spectrum curves. The particular con- 
stants of the instrument were selected after an examination of a large number of 
typical earthquake r sponse spectrum curves, with the thought of picking the one 
point which would be most important on the average for defining the general magni- 
tude level. The expectation would be that a number of such instruments would be 
distributed in the vicinity of a time-recording strong-motion accelerometer. The 
recording instrument would give data from which the detailed nature of the response 
spectrum curves could be determined, while the simple instruments would give the 
local distribution of spectrum intensities. 
It is of interest to determine from the data of the present earthquake how success- 
ful such a simple instrument would have been in revealing the local intensity distri- 
TABLE 5 
ANALYSIS OF DATA FOR PROPOSED SIMPLE INSTRUMENT 
Gutenberg- 
Velocity at Extrapolated Richter Epicentral Gutenberg- 0.75 sec. and 
Station spectrum Richter 10 per cent spectrum magnitude 
inteneity magnitude damping intensity from single 
point 
Golden Gate Park . . . . . . . . . .  
State Building . . . . . . . . . . . . . .  
Alexander Building . . . . . . . . .  
Southern Pacific Building... 
Oakland City Hall . . . . . . . . . .  
2.10 
4.30 
2.22 
6.19 
4.39 
5.1 
5.5 
5.15 
5.7 
5.5 
0.22 
0.45 
0.14 
o. 20 
0.12 
2.0 
6.9 
2.34 
3.81 
4.72 
5.1 
5.8 
5.2 
5.5 
5.6 
button in the San Francisco region. In table 5 are shown response spectrum values 
for the larger component at each of the stations corresponding to a period of 0.75 
sec. and a damping of 10 per cent. This is the information which would have been 
obtained from the simple instrument described above. While absolute numerical 
values cannot be directly compared with other values in tables 2 and 5, the ratios 
between the numerical values at the various stations hould be similar to the ratios 
between the values of the spectrum intensities. These ratios are seen to be about 
the same for all the stations except he Southern Pacific Building. For this station 
no agreement would be expected, since the period of the simple instrument is well 
outside the region of the spectrum peak caused by the structural response. In fact, 
for this station the results obtained from the simple instrument would probably be 
more indicative of the ground motions than the total spectrum intensities. 
Also given in table 5 are the earthquake magnitudes calculated from the data 
available from the single spectrum point. For this purpose the 10 per cent spectrum 
intensity was first calculated, assuming that the response spectrum ordinate was a 
constant for the period range 0.1 sec. to 2.5 sec. This 10 per cent spectrum intensity 
was then extrapolated to the zero damped spectrum intensity, assuming the same 
general relationship between spectrum intensity and damping established in refer- 
ence 4. From this zero damping spectrum intensity the epicentral spectrum intensity 
and hence the Gutenberg-Richter magnitude could be calculated as shown above. 
The average value of the magnitude determined in this way is 5.4, compared with 
the 5.3 calculated from the more complete data obtained from the recording-type 
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instrument. It is interesting to note that the spread of values for M determined 
from the single-point calculation with no station correction factors is of the same 
order as that obtained for the distant-station calculations. 
It may thus be concluded that for this earthquake the simple instrument would 
have yielded results which would have been a very fair substitute for the more com- 
plete information obtained from the recording accelerometers. 
Plans are now under way for the construction and installation of a number of such 
simple instruments, which should serve as a valuable supplement to the United 
States Coast and Geodetic Survey strong-motion accelerometers. 
CONCLUSIONS 
1) The San Francisco earthquake of March 22, 1957, was in general character 
typical of strong-motion Pacific Coast earthquakes, except hat the time duration 
was considerably ess than average. One consequence of the relatively short time 
duration was that damping did not have as large an effect in reducing peaks in the 
response spectrum curves as for more typical earthquakes. Another consequence 
was that the peak accelerations a sociated with this earthquake were somewhat 
larger than those usually found for earthquakes of this magnitude. 
2) It appears that the acceleration measured in the basement of the Southern 
Pacific Building is not the ground acceleration, but is markedly influenced by build- 
ing response. The response spectrum curves for this station show pronounced peaks 
corresponding with the fundamental natural periods of vibration of the building. 
Such peaks were not observed for the other stations, and hence the measured ac- 
celerations at the other stations may be considered as ground accelerations. 
3) The epicentral spectrum intensities as calculated from the various stations 
indicate that the effects of local geological conditions may modify the recorded 
ground motions by a factor of about 2 to 1. There does not seem to be any simple 
correlation between magnitude of ground motion and the depth of the alluvial 
layer in the San Francisco region. 
4) The Gutenberg-Richter magnitude of the earthquake as calculated from the 
averages of the spectrum intensities agreed with that determined from data ob- 
tained by the more distant seismological stations. This agreement was obtained with 
no station corrections applied to the individual stations, and the variations in mag- 
nitude as calculated from the various stations was not greater than usually found 
for the more distant stations. For improved accuracy, a station correction to allow 
for local geological conditions at the various strong-motion accelerometer stations 
may some day become feasible. It does not seem likely that such station corrections 
can be determined from strong-motion accelerometer recordings of natural earth- 
quakes, because of the relatively small amount of data that can be accumulated in 
this way. 
5) Simultaneous measurements of the small ground motions caused by frequently 
occurring natural earthquakes should be made at the various trong-motion acceler- 
ometer stations. A program for the San Francisco region similar to that recently 
conducted by Professor Gutenberg in the Los Angeles area would be of importance 
in establishing the effects of local geology. A comparison between the distribution 
patterns for strong ground motions from near-by sources and those for weaker 
motions from more distant shocks should be made. 
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6) A simplified non-time-recording strong-motion i strument which would record 
one point on the response spectrum would have given useful information for the 
present earthquake. The design parameters of 0.75 sec. period and 10 per cent of 
critical damping which had been suggested on the basis of past earthquake response 
spectrum curves were satisfactory for this earthquake. The distribution pattern of 
responses at the various stations which would have been determined from such 
simple instruments would agree with that found by the recording accelerometers, 
and the average magnitude calculated from such data would have been a useful 
approximation to that determined from more complete data. I t  is recommended 
that a large number of such simple instruments be installed. 
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